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ABSTRACT 

Le&-contaminated soil that fails the Toxiuty Characteristic Leaching Procedure (‘TCLF) test 
must be managed as hazardous waste under the Resource Conservation and Rewvely A d  
(‘RCRA’) and disposed in Subtik C landfills. We examine the actual risk lo groundwater from 
the management and disposal of hadcontaminated soil in non-hazardous waste landfills. Lead 
concentrations in leachateallected groundwater were modeled using €PAS Monte Carlo Com- 
posite Model for Leachate Migration with Tansfonation Products (‘CMTP‘). Simulated leachate 
concentrstions were based on Synthetic Precipitation Leaching Procedure (‘SPLP‘) and TCLP 
tests of soil from .leadconlaminated Superfund sites. Recaptor well lead concentrations’ were 
less than the drinking water slandad (0.015 mglL) in 98.5% of the SPLP scenarios. and 96% of 
the TCLP scenarios. Thew, were more protective than the level EPA used to justify a proposed 
condiional exclusion horn the RCRA hazardous waste program for architectural debris contain- 
ing lead-bearing paint. altaving disposal of s)uch debris in non-hazardous waste landfills. Since 
the risks to groundwater from leadanlaminated soil disposal are less than those from architec- 
tural debris. €PA should allow leadcontaminated soil that fails the TCLP to be disposed in non- 
hazardous waste landfills. This would reduce the costs of its management and enmurage 
greater remediation of lead soil hazards. 
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TRODUCTION vide a less rigorous and hence less costly management regime 
for generators o f  LEP by, among other things. allowing dir- 
ponal in construction and demolition (“C&D) landfills. 

The proposed rules arc supported by a groundwater path- 
way analysis conducted by EPA (1998). The analysis used 
EPA’s Composite Model for Leachate Migration with Trans- 
formation Products (“CMTP”) model to demonstrate that 

pension of Toxicity Characteristic Rule for 
Based Paint Debris (63 Fed, Reg. 70233) and 

nt and Di!,,,sal of Lead-Based Paint 
70190). The effect o f  these proposed rules 

involved the computation of lead concentrations in receptor 
wells resulting from landfill leachate. The CMTP was used to 

an under more expensive itlc C hazardous waste 
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simulate h!pothetical cases to develop a statistical picture of 
the likelihood of lead concentrations exceeding the drinking 
sater standard of0.015 mSL. 

EPA ehamined two scenarios: I .  Disposal of LBP debris 
in municipal solid uaste ('.MSW') landfills. and 2. Disposal 
of  LBP debris in C&D landfills. Under both scenarios. the 
landfills were assumed to be unlined (EPA. 1998. p. 39). The 
scenarios dilfered only in the character o f  the leachate. Under 
the first scenario. leachate concentrations were derived from 
ToxiciF Characteristic Leaching Procedure C'TCLP') tests. 
The TCLP test leaches ground waste samples with an acetic 
acid solution (pH-5) to simulate the effect o f  municipal solid 
traste landfill environments (i.e.. compaction and organic 
acids released by decaying garbage). 

Under the second scenario. leachate concentrations were 
derived from Synthetic Precipitation Leaching Procedure 
{"SPLP') tests. The SPLP test leaches solid waste samples 
with an acid solution that simulates the effect o f  acid rain. I t  
is  less aggressive than TCLP. in pan because i t  uses higher 
pH levels. and generally produces lower lead concentrations 
in the leachate. I t  is  considered more appropriate' for non- 
municipal solid wastP landfiil environments because these 
landfills ordinarily do not receive garbage that would generate 
organic acids (EPA. 1998. p. IS). 

This repon examines the risks ofthe management o f  lead- 
contaminated soil under the TSCA program and, in panicular. 
the risks From disposal in C&D landfills. We model the effect 
of using SPLP lead concentrations to represent leachate con- 
centrations from C&D landfills in simulating lead concentra- 
lions at receptor wells. SPLP concentrations are intended to 
provide a realistic estimate o f  risk. For comparison, we also 
model TCLP lead concentrarions from lead-contaminated 
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soil, 

METHODS AND DATA SOURCES 

Our principal aim was to compare the risks from disposal 
of lead-contaminated soil with those from the disposal o f  LBP 
debris under the same condirions. EPA's assessment o f  
groundwater leachate was based on TCLP and SPLP leachate 
concentrations obtained from 4 1  architectural debris samples 
(EPA. 1998. Table 2.7). These measured concentrations were 
used to estimate statistical d,istributions for inputs into the 
CMTP model. 

We obtained bulk lead concentrations and TCLP and 
SPLP leachate concentrations from as many lead- 
contaminated soils as feasible. These were developed from 
review of technical repons on sites known to be heavily con- 
taminated by lead. The sites include banery breaking yards, 
smelters. mines. a brass foundry. and a ceramic tile factory. 
The data set includes 153 analyses From 17 'separate sites. 
Analyses include soil from source areas and. in some cases. 
from surrounding areas. but exclude ore concentrates. slag. 
and other non-soil materials. Of these analyses. I I S  samples 
From 13 sites had measured TCLP concentrations. and 33 
samples from 6 sites had measured SPLP concentrations. 
Eight samples had both TCLP and SPLP concentrations ana- 
lyzed. Concentrations. locations. .and other information on 
sample rites are tabulated in BCI  (1999). 

The cumulative frequency distribution of lead concentra- 
tion in the soil samples i s  shown in Figure I. Concentrations 
range over almost three orders of magnitude. from 30 m@g 
to 28.600 m&g. The lowest concentrations are in the range 
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ral l& concentrations in cruslal rocks. from 16 to 80 Lead Concentrations In Soil And LBP De- 

or comparison. the figure also shows the distribution of SPLP lead concentrations from the lead-contaminated soil 
in soil near residences. These concenmtion data were to the of spLp concen~rions 
ned by a nationwide study of hazards from lead-karing from LBP architectural debris used in EPA's CMTP model 

housing '993. Table '-3)' Lead (EPA. 1998. Table 2.9). Cumulative frequency distributions 
esidcntial soil samples are between 9 and 40 times ofboth see OfspLp concenbations are shown in Figure 2. At 
'or 'e ~ r c e n t i l e .  than '0 " soil PR- most percentile levels, soil SPLP concentrations were one- 

ere. This indicates the in tenth or less of the corresponding SPLP concentrations from 

ikcly to pore much less risk. its mobility. Soil SPLP concentrations were more variable 
than debris SPLP concentrations. ranging over more than two 
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orders of magnitude as compared to one order of magnitude. 
This is  probably due to the wide range of lead-bearing mate- 
rials that can contaminate soil. as compared to the narrower 
range of compositions of lead-bearing paint. 

Similarly. TCLP lead concentrations from the lead- 
contaminated soil were compared to the distribution of TCLP 
from LBP architectural debris (EPA. 1998. Table 2.9). Cu- 
mulative frequency distributions of both seIs of TCLP con- 

centrations are shown in Figure 3. Soil TCLP concentrations 
were much more variable than debris TCLP concentntions. 
ranging over between five and six orders of magnitude as 
compared to one order of magnitude. Maximum soil TCLP 
concentration was about 3.000 times greater than the maxi- 
mum TCLP concentration from architectural debris. About 
one-third of the soil TCLP:concentrations were greater than 
the maximum From debris. 
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Soil SPLP and TCLP lead concentrations are ploned 
pinst soi l  lead concentration in Figure 4. (Many o f  the low- 
Nconcenlralions represent detection limits. and thus overes- 
h t c  the actual lead concentration.) SPLP concentrations 
warto have,a modest upward trend throughout the range of 
mil lcad concentrations and become more variable at high 
mil Icad concentrations. Throughout the entire range, how- 
mr. most SPLP concentrations are low, less than l m g L  

TCLP concentrations increase with soil lead concentra- 
kn. This increase. as compared with the small increase in 
DLP concennarions. reflects the greater chemical aggres- 
krness of TCLP at extracting lead From soil. TCLP data 
haw a large degree o f  SCaKer. over about two orders of mag- 
h d c  at any given soil concentration. Consequently. predic- 
knofTCLP concenmtion on the basis oftoral soil lead con- 
mtration is not accurate. 

The difference in leachate lead concenmtions between 
iPLP and TCLP can be large. €PA has observed that the lead 
menrrati79! in leachate from LBP debris samples subjected 
0lhcSPL.P was approximately 1/10 the lead concentration in 
d a t e  measured under the TCLP (63 Fed. Reg. 70200). 
m( disparity i s  even greater for lead-contaminated soil. Me- 
lirn TCLP lead concentration from soil was 5.5 mg/L. and 
lxdian SPLP concentration was 0.1 I.mgiL. Thus, for soil, 
od in SPLP leachate was 1/50 the lead concentration in 
lCLP leachate. Table I compares SPLP and TCLP for soil 
unpla where both were performed. Six ofthe eight analyses 
hnvcd SPLP lead to be less than 1/10 o f  the TCLP concen- 
mion. 

Thc large observed difference between SPLP and TCLP 
menfrations is principally due to lead's sensitivity to the 
@tic acid leaching solution used by the TCLP. The rela- 
k l y  high leachability and solubility o f  lead under the TCLP 
~rmt likely to be representative o f  lead's behavior under most 
nnronmental conditions affecting its movement after 
rvhate exits a landfill. 

Leads mobility in the environment is  generally low. 
i(cCullcy. Frick & Gilman (1991. p. 31) and €PA (1999) 
pned  that a number of retarding mechanisms bind lead to 
nil and greatly slow its movcmcnt with groundwater. This 
m where lead compounds have low solubility. so that 
rad precipitates as solid compounds within the soil. Natu- 
lllydfcurring clays also can adsorb lead at pHs ranging 
h m i l d l y  acidic to basic. If iron and manganese oxides are 
m n L  they can adsorb lead at acidic pHs. Solid organic 
Werials also can adsorb lead at acidic to mildly basic pHs. 

w,. 

he CMTP Model 

The risk to groundwater posed by disposing lead- 
nnlaminated soil in conventional landfills was estimated by 
urndating a large number o f  possible scenarios and examin- 
ng BE resulting lead concentrations in hypothetical moniror- 
q wells. The CMTP model was specifically designed for 
imulating groundwater contpminalion rcemriar in the con- 
ntofnarionwide rule m'aking. I t  simulates the movement o f  
tonlarnioanrs~Fro~ the bon.om,ofthe landfill waste. downward 
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through the unsaturated zone IO the water table. and then 
horizontally by way of groundwater flow to a receptor well. 
The concentration of the leachate exiting the bononi of the 
landfill i s  one o f  the principal inputs to the model. 

Results From the CMTP consist o f  statistical distributions 
of lead concentration in' a hypothetical receptor well. The 
location of  the well with respect to the landfill is randomly 
selected from a user-specified statistical distribution. The 
ourput distribu1ions:shown as graphs or tables. show how 
likely the lead concentration is to exceed health-based stan- 
dards. 

The CMTP input values used for the simulations of dis- 
posal of lead-contaminated soil came From two general 
sources: .. Data generated for this study. Values o f  leachate lead 

concenlration. soil lead concentration. and soil thickness 
that characterize proposed disposal o f  lead-contaminated 
soil were determined specifically for this investigation 
and are listed in BCI  (1999). Appendix A. They differ 
from the values used in EPA's analysis of disposal of ar- 
chitecNral debris (EPA. 1998). 
Data the same as in EPA's modeling. Cenain data are 
used for the majority o f  applications of the CMTP. and 
are built into the model's program code. Examples in- 
clude distributions o f  infiltration rate and groundwater 
velocity. Hence, the values o f  such data used in this in- 
vestigation were necessarily the same as those used by 
€PA in modeling leaching oi lead from LBP architectural 
debris (EPA. 1998). In addition. the characteristics o f  
landfills where disposal is  proposed are also the same as 
were used by EPA (1998). These characteristics are 
identified in Appendix A o f  EPA (1998). They include. 
for example, landfill area and the distance to the nearest 
receptor well. Data representing these characteristics are 
read from external data files. but were kept the same as in 
the data files used by EPA (1998). 

The CMTP uses the lead concentration o f  disposed soil in 
calculating the mass of lead in the soil. This mass is  used. 
together with the leachate concentration. IO calculate the time 
over which lead leaching takes.place. The soil lead concen- 
tration is not entered directly. to improve the speed of the 
CMTP (EPA. 1996a. pp. 8-17). Instead. the ratio between soil 
concentration (in mgikg) and leachate concentration ( in mg/L) 
is  entered (EPA. 1997. pp. A-8 - A-9). This ratio is referred to 
as "Cu/C,.." and has units o f  L/kg. Although the CMTP can 
include up to nine such ratios in a single model run. only a 
single ratio was used for modeling lead-contaminated soil. as 
was done for LBP architectural debris (EPA. 1998. p. 21). 
This ratio was calculated by dividing the mean total soil lead 
concentration (averaged over samples having a TCLP or 
SPLP value) by the mean TCLP or SPLP concentration. The' 
ratios are 89.1 L/kg for TCLP. and 31.631 L ikg for SPLP. 

MODELING SCENARIOS AND RESULTS 

. 

We examined two scenarios that represent a realislic 
simulation of !he risks of disposing lead-contaminated soil: 



disp~s;tl in C'XD landlills. and disposal in municipal solid 
\<asre landfills. In  both scenarios. the landfills, were assumed 
to be unlined. 3s ,\as assumed by EPA (1998. p. 59). The 
scenarios d i t k e d  onl! .in the frequency distribution repre- 
rcnling leachate concentration. 

Scenario I: CBD Landfills (SPLP) 

ii In Scenario I. a cumulative frequency distribution was 
deriv'ed from the corresponding SPLP lead concentrations. 
This disrribution is shown in Figure 2. The SPLP distribution 
i r a s  used as the CMTP input ( "CZERO) representing con- 
centration of leachate exiting the bonom of the landfill. It 
should be noted that most of the SPLP lead concentrations 
from soil shown in Figure 2 are much less than the cone- 
sponding SPLP concentrations from LBP debris. This sug-'"' 
zests sirongl? that receptor-well lead concentrations From 
lead-contaminated soil. disposal would be generally lower 
than those from LBP debris disposal, which EPA considers to 
be safe ( 6 ;  Fed. Reg. 70190). The strong nonlinearity of the 
lead isotherms used by the CMTP model. however. makes it 

hard to estimate esactly how much lower the concentrations 
would be. Therefore. i t  was necessary to actually run the 
CMTP model. 

Use o f  SPLP to approximate leachate concentrations From 
C&D landfills is  consistent with EPA guidance. €PA suggests 
the use o f  SPLP .for, evaluating risks when contaminated soil 
i s  disposed o f  in landfills other than municipal landfills. This 
guidance states that the SPLP was developed to model leach- 
ing by acid rain and i s  generally appropriate for contaminated 

.soil (EPA. 1996b. p. 30). EPA reiterated its preference for the 
SPLP test under the circumstances'considered here in its pro- 
posed regulations for disposal of LBP debris (63 Fed. Reg. 
70 199-70200). 

The principal results o f  the CMTP simulation using SPLP 
daia are shown in Figures 5 and 6. The cumulativc frequency 
distribution in Figure 5 represents the peak simulated lead 
concentration at a downgradient receptor well within a 10.000 
year simulation period. Approximately 98.5% o f  the peak 
simulated lead concentrations are less than the drinking water 
standard of 0.015 mg/L. This percentage i s  above EPA's tar- 
get range for levels of protectiveness o f  85% to 95% (63 Fed. 
Reg. 70203). I t  also exceeds the level of protectiveness of 
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)Yo resulting from EPA's CMTP .modeling o f  disposal o f  
3Pdebris (63 Fed. Reg. 70203). 
When the peak concentration occurs also is o f  interest. 

gure 6 s h o w  the distribution of times ai which the peak 
nulated lead concentration occurs in a receptor well. con- 
Jcring only the I .5?b of all cases in which the drinking wa- 
r smdard of 0.01 5 mg/L was exceeded at the well. None o f  
c peak concentrations occurred less than 2.000 years after 
!position of the lead-contaminated soil. About half of the 
!da occurred aRer the end OF the 10.000 year simulation 
:rid: that'is. lead concentrations were s t i l l  increasing at that 
ne. 

cenario 2: MSW Landfills (TCLP) 

Scenario 2 was carried out i o  test the effect o f  using ex- 
n c l y  high (conservative) leachate input concentrations. 
xnario 2 uscd TCLP lead ioncentralions in place of SPLP 
acentratibiir; model conditions were otherwise the same. 
he cumulative frequency distribution of TCLP lead concen- 
Uions is shown in Figure 3: '. 

The principal results of the CMTP simulation are shown in 
igurc 5.  Approximately 4% o f  the simulated lead concen- 
ations at a downgradient receptor well exceed the drinking 
ucr standard of 0.015 mg/L within the 10.000 year simula- 
on period. Th i s  i s  slightly less than the percentage of ex- 
&ccs (4.5%) cited by EPA (1998, p. 22) in its justifica- 
on of disposing LBP architectural debris in C&D landfills 
sing SPLP concentrations. This scenario therefore appears to 
r a t  l a s t  as protective. 

Figure 6 shows the distribution of times at which the peak 
imulated lead concentration occun in a receptor well, con- 
idcring only the 4% of all cases in which the drinking water 
landard of  0.015 mg/L was exceeded at the well. However. 
me of  fhe peak concentrations occurred until 287 years after 
kposition o f  the lead-contaminated soil. About 91% o f  the 
cakr occurred later than 1,000 years. and about 80% later 
hm 2.000 years. Approximately 26% of the peaks occurred 
'Retheend o f  the 10.000 year simulation period. 

:ONCLUSIONS 

Based on the results o f  our modeling, we conclude that 
lisporal o f  lead-contaminated soil in non-hazardous waste 
hndfills i s  environmentally acceptable. Even under the ex- 
Dmcly conservative assumption that lead leachate concen- 
rations would be as high as from TCLP leachates. disposal of  

lead-contaminated soil in municipal solid waste landfills 
would pose less risk than disposal o f  LBP debris as proposed 
by EPA. Based on these results. EPA's regulation o f  lead- 
bearing soil under the RCRA hazardous waste program is  
unnecessary. This analysis shows that the management o f  
lead-bearing soil in non-hazardous landfills under the TSCA 
program is  acceptable. reliable. and protective o f  human 
health and the environment. 
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